
 1

Verification of Analytical Reports Produced by SMCReporter for 
Method 8261 Determinations 

 
 
 
 
 

Michael H. Hiatt 
U.S. Environmental Protection Agency 
National Exposure Research Laboratory 
Environmental Sciences Division 
P.O. Box 93478, Las Vegas, Nevada 89193-3478 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 2

 
 

Table of Contents 
 

INTRODUCTION 5 
Source of SMCReporter and Raw Data Used in Following Examples 6 
Generating Example Print Outs 7 

INTERNAL STANDARD REPORT 11 
Experimental Recoveries 11 
Internal Standards for Different Functions 13 

First-Pass Relative Volatility Effects 13 
First-Pass Internal Standards Are Selected by their Ability to Measure solely Relative-Volatility Effects 13 
Determining First-Pass Effects, Step 1:  Calculate First-Pass Internal Standard Recoveries 15 
Determining First-Pass Effects, Step 2:  Determine Relationship of Recovery to Relative Volatility 16 
Determining First-Pass Effects, Step 3:   Present First-Pass Internal Standards Graphics 17 

Boiling Point Effects 18 
Determining Boiling-Point Effects, Step 1:  Determine the Experimental Recovery of the Boiling-Point Internal Standards 18 
Determining Boiling-Point Effects, Step 2:  Measure the First-Pass Relative Volatility Effects on the Boiling-Point Internal 
Standards 19 
Determining Boiling-Point Effects, Step 3:  Determining the Recovery of Boiling-Point Internal Standards that Reflect Boiling-
Point Effects 19 
Determining Boiling-Point Effects, Step 4: Determine Boiling-Point Effects as Functions of Recovery Relative to Boiling Point 20 
Determining Boiling-Point Effects, Step 5: Present the Boiling-Point Effects as a Graph 21 

Relative Volatility Effects 22 
Determining Relative-Volatility Effects, Step 1:  Determine the Experimental Recovery of the Relative-Volatility Internal 
Standards 22 
Determining Relative-Volatility Effects, Step 2: Calculate the boiling-point Effects on the Relative-Volatility Internals Standards23
Determining Relative-Volatility Effects, Step 3:  Determining the Recovery of Relative-Volatility Internal Standards that Reflect 
Relative-Volatility Effects 24 
Determining Relative-Volatility Effects, Step 4: Determine Relative-Volatility Effects as Functions of Recovery to Relative 
Volatility 25 
Determining Relative-Volatility Effects, Step 5:  Graphic Display of Relative-Volatility Effects 26 

Internal Standard Groups 27 
What is the Upper and Lower Limit of a Group? 27 
The Example’s Relative-Volatility Limits of Relative-Volatility Groups 28 
The Example’s Boiling-Point Limits of Boiling-Point Groups 29 
How SMCReporter Chooses a Group for Processing an Analyte 29 

SURROGATE REPORT 30 
Volatile Compound Surrogates 31 

Non-Purgeable Compound Surrogates 31 

Semi-Volatile Compound Surrogates 32 



 3

Review Surrogate Results 33 
Surrogate Predicted Recoveries 33 
Surrogate Recoveries 34 

QUANTITATION REPORT 35 

Quantitation Report Header 36 

Compound Quantitation Results 37 

Reporting Limits 42 
Reporting Limits-MDL Option 42 
Reporting Limits-CRQL Option 44 

SUMMARY 45 

REFERENCES 45 
 
 
 
 



 4

 
      
Figure 1: Software webpage...................................................................................................................................................................... 6 
Figure 2: Quantitation report ..................................................................................................................................................................... 8 
Figure 3: Internal standard report .............................................................................................................................................................. 9 
Figure 4: Surrogate report ....................................................................................................................................................................... 10 
Figure 5: Header of the internal standard report...................................................................................................................................... 11 
Figure 6: First-pass internal standards..................................................................................................................................................... 14 
Figure 7: Losses by boiling point ............................................................................................................................................................ 15 
Figure 8: Experimental recoveries of first-pass internal standards.......................................................................................................... 15 
Figure 9: Top line of internal standard report identifies if values or logarithm of values are used in calculations ................................. 16 
Figure 10: First-pass linear equations...................................................................................................................................................... 17 
Figure 11: First-pass internal standard graphics...................................................................................................................................... 17 
Figure 12: Experimental recovery of boiling-point internal standards.................................................................................................... 18 
Figure 13: Determine relative volatility effects on boiling-point internal standards using first-pass equations...................................... 19 
Figure 14: Recovery of boiling-point internal standards after first-pass corrections .............................................................................. 20 
Figure 15: Boiling-point effects expressed as functions.......................................................................................................................... 20 
Figure 16: SMCReporter default values.................................................................................................................................................. 21 
Figure 17: Graphic display of boiling-point effects ................................................................................................................................ 22 
Figure 18: Experimental recoveries of relative volatility standards ........................................................................................................ 23 
Figure 19: Boiling points of the relative-volatility internal standards..................................................................................................... 24 
Figure 20: Recovery of relative-volatility internal standards that reflect only relative volatility............................................................ 25 
Figure 21: Linear relationship of relative volatility to recovery determined from relative-volatility internal standards......................... 26 
Figure 22: Graph of recovery as relates to relative volatility .................................................................................................................. 27 
Figure 23: Relative-volatility internal standard groupings ...................................................................................................................... 28 
Figure 24: Boiling-point internal standard groupings ............................................................................................................................. 29 
Figure 25: Route for identifying group analyte is member ..................................................................................................................... 30 
Figure 26: Volatile compound surrogates ............................................................................................................................................... 31 
Figure 27: Non-purgeable compound surrogates .................................................................................................................................... 32 
Figure 28: Semi-volatile compound surrogates....................................................................................................................................... 32 
Figure 29: Internal standard derived recoveries ...................................................................................................................................... 33 
Figure 30: Volatile surrogate recovery data ............................................................................................................................................ 35 
Figure 31: Quantitation report header ..................................................................................................................................................... 35 
Figure 32: Quantitation report sample information ................................................................................................................................. 36 
Figure 33: Files used in quantitation of sample file ................................................................................................................................ 36 
Figure 34: Result qualifiers ..................................................................................................................................................................... 37 
Figure 35: Analyte results ....................................................................................................................................................................... 38 
Figure 36: Relative-volatility and boiling-point values for MTBE ......................................................................................................... 39 
Figure 37: Integrated area for each compound from GC/MSD ............................................................................................................... 40 
Figure 38: Calibration data for MTBE .................................................................................................................................................... 41 
Figure 39: Reporting limits using MDL reporting option ....................................................................................................................... 43 
Figure 40: Reporting limits using MDL reporting option with one sigma confidence............................................................................ 44 
Figure 41: Reporting limits using CRQL reporting option with 50% threshold ..................................................................................... 45 

 



 5

Introduction 
 
Method 8261 is a GC/MS/vacuum distillation procedure used to determine the amount of volatile analytes in 
samples.  Besides the incorporation of a vacuum to volatilize analytes and separate them from sample matrices, 
this method is unique in that it uses internal standards to measure analyte performance as a function of its 
chemical properties.  In addition to internal standards, the method incorporates surrogate compounds that are 
monitored for additional method performance data.  The quantitation report generated for method 8261 analysis 
is unlike any other quantitation reporting, and, therefore, EPA has developed a software program 
(SMCReporter) to perform method 8261 data processing and generating reports.   
 
This document is meant to assist technical review of SMCReporter analytical reports and to identify the sources 
of information that are used in generating reports. See the presentation, “Creating the Calibration Curve and 
Generating Method 8261 Quantitation Reports through SMCReporter V4.0” for a description of how to use 
SMCReporter to generate quantitation reports 
(http://www.epa.gov/nerlesd1/chemistry/vacuum/methods/software.htm#calibration).   
 
In this document, the sample quantitation output from SMCReporter is called an analytical report and includes 
the quantitation report containing the analyte results, the internal standard report containing the matrix 
correction data, and the surrogate report containing the results of special monitoring compounds that are added 
to each sample prior to analysis.  This document shows how to verify that the information provided by 
SMCReporter in the analytical report is accurate.  Each result can be reproduced outside the SMCReporter 
Program to demonstrate calculations are valid and all information.  This report provides a demonstration of how 
to reproduce the matrix corrections for a given sample from integrated responses from the GC/MS, reproduce 
the surrogate data and finally reproduce the quantitation report. 
 
The first section examines the Internal Standard Report.  The second section addresses the surrogate results, and 
the last section addresses the generation of the analytical results.   
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Source of SMCReporter and Raw Data Used in Following Examples 
 
Method 8261 calculations are performed by the program “SMCReporter”.  This program is available from the 
EPA’s Vacuum Distillation website (http://www.epa.gov/nerlesd1/chemistry/vacuum/default.htm) and can be 
downloaded without cost (http://www.epa.gov/nerlesd1/chemistry/vacuum/methods/software.htm).  See the 
Training Presentation, “Creating the Calibration Curve and Generating Method 8261 Quantitation Reports 
through SMCReporter V4.0” for instruction on generating quantitation reports.   
 
The raw data used in the examples are from the example.zip file, which is also available from the software 
webpage (Figure 1). 
 

 
Figure 1: Software webpage: http://www.epa.gov/nerlesd1/chemistry/vacuum/methods/software.htm 
 
 
 
 
 
 
 



 7

 
The SMCReporter Program generates analytical results in three parts, quantitation, internal standard and 
surrogate reports. This document traces the steps a verification of data might require.  The verification steps 
presented here includes the scheme method 8261employs to measure effects relating to boiling points and 
relative volatilities, how this information translates to the recovery of analytes, and how the software generates 
concentrations with associated method performance information as associated error. 
 

Generating Example Print Outs 
 

If you have performed the Calibration exercise identified in the presentation, “SMCReporter - Standalone 
Demo: Creating the Calibration Curve and Processing Method 8261 Data” you can reproduce the example that 
is discussed in this presentation using the additional data provided with this document.  The example is 
generated by performing a 5-point calibration curve using the library, CLPlibrary, the internal standard file, 
CLPistds.ini and calibration runs (t4050601 (blank), t4050609 (dilution at 0.006), t4050604 (dilution at 0.02), 
t4050605 (dilution at 0.1), t4050606 (dilution at 0.6) and t4050607 (dilution at 2.0).  After creating calibration, 
save as C040506.cal.  Then quantitate t4050604.txt as a 5-mL water sample, and print the quantitation and QC 
reports.  The generated report is the example being addressed in this presentation and presented in the following 
slides.  SMCReporter generates a quantitation report that includes sample description, analytes, and their 
concentration and predicted recoveries.  The analytical example report is presented in Figures 2-4. 
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Figure 2: Quantitation report
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Figure 3: Internal standard report 
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Figure 4: Surrogate report 
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Internal Standard Report 
 
The internal standard report (Figure 3) is the heart of the analytical report and must be 
understood in order to verify any analytical results.  This page describes the matrix and method 
effects on a sample as measured by the suite of internal standards.  All of the algorithms used in 
generating the quantitation report are presented in the internal standard report.  
 
The header of the internal standard report summarizes sources of the data that went into 
generating the internal standard report (Figure 5).  The pathway to these files is also shown for 
convenience. The header identifies the SMCReporter processing date.  The compound library file 
identifies the list of analytes and internal standards, their chemical properties and calibration.  
The internal standard/surrogate file (surrogate groupings file) identifies the assigned use of each 
internal standard. The data file contains GC/MS raw data in a format for SMCReporter to read.  
The calibration file contains the data that was used to generate a calibration curve and results.  
 

 
Figure 5: Header of the internal standard report 
 

Experimental Recoveries      
 

An initial review of the data begins with the verification of the raw data results.  One can test the 
correctness of the header information by regenerating the experimentally measured recovery of 
an internal standard.  The header (Fig 5) identifies that the compound library, CLPlibrary.txt, and 
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the internal standard file, CLPistds.ini, and calibration file, C040506.cal, were used for 
generating the analytical report. 
 

 
Figure 6: Experimental recoveries under "Meas." 
 

The Experimental recovery of each of the internal standards is determined as its response in an 
analysis compared to its calibrated response. 

 
 Experimental recovery =  Raw integration area from data file ÷ (average 

calibration response × spike amount) (Eq1) 
 

The spike amount is the amount (mass) of internal standard added to each analysis (this value is 
stored in the compound library). 

 
The experimental recovery is reported as % in the column “Meas.” Note: SMCReporter uses 
fractional recoveries in all calculations but presents the value as a % in the Internal Standard 
Report. 

 
Example 1: We want to reproduce the experimental recovery of hexafluorobenzene from the 
example.  The average calibration response (16059.125) for the hexafluorobenzene is obtained 
from the calibration file, C040506.cal.  The amount of hexafluorobenzene added to all analyses is 
obtained from the compound library, CLPlibrary.txt (250 ng).  The total response expected for 
hexafluorobenzene is the calibration response (area/ng) times the spike amount (250 ng) and yields 
a response of 4014781.  The response of hexafluorobenzene in the data file, T4050604.txt, is 
4266423.  Therefore, Experimental recovery of hexafluorobenzene = 4266423/4014781 =1.06268 = 
106.27%. 
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Internal Standards for Different Functions 
 

As noted in the presentation “Method 8261 Chemistry” posted on EPA’s Vacuum Distillation 
webpage, there are two important chemical properties of compounds that determine how well a 
compound will be extracted from a sample and transferred to the GC/MS for analysis. One type 
of internal standard is a relative volatility internal standard.  These internal standards are used to 
measure relative volatility effects and create functions to describe recovery vs. relative volatility.  
Another type of internal standard is the boiling point internal standard.  These internal standards 
are used to measure boiling point effects and create functions to describe recovery vs. boiling 
point.   

  
These boiling point and relative volatility effects are calculated as recoveries.  The experimental 
recovery of a compound is a product of these combined effects and can be expressed as 

 
  Experimental Measurement recovery = BP recovery × RV recovery

1  (Eq2) 
 
Where  BP recovery   = the recovery reflecting boiling-point effects  
  RV recovery   = the recovery reflecting relative-volatility effects 

   Experimental Measurement recovery   = the GC/MS response divided by the 
calibrated GC/MS response 

 
The internal standards are then used to equate experimental recoveries to both boiling point and 
relative-volatility effects.  In Method 8261, we determine the boiling-point recovery as a 
function of compound boiling point and relative-volatility recovery as function of compound’s 
relative volatility. 

 
One problem with these variables is that each compound experiences both boiling-point and 
relative-volatility effects. Method 8261 incorporates the first-pass internal standards to separate 
the effects of these variables.   
 

First-Pass Relative Volatility Effects 
 
The first-pass internal standards are like the relative volatility internal standards but with a 
limited use.  First-pass internal standards are used solely to clarify experimental recoveries of the 
boiling-point internal standards so that relative-volatility effects on the experimental recovery of 
boiling-point internal standards are mitigated.  This procedure is only used to clarify boiling 
point effects. 
 
 

First-Pass Internal Standards Are Selected by their Ability to Measure 
solely Relative-Volatility Effects 

 
The previously-introduced equation that breaks experimental recoveries into boiling point and 
relative volatility effects is  
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 Experimental Measurement recovery = BP recovery × RV recovery  (Eq2) 
 

By minimizing boiling point effects and assume that BP recovery is 100%, the equation becomes 
 
  Experimental Measurement recovery = RV recovery   (Eq3) 
 

Equation 3 is a special condition that is narrowly defined.  In practice, there are few compounds 
that we can use as internal standards (compounds that are labeled or rare in environment) that 
would yield 100% recovery.  Having a limited number of compounds, the range of relative 
volatility effects, Equation 3 is not applicable to all Method 8261 compounds.  Therefore, 
Method 8261 uses first-pass internal standards to describe a narrow range of relative volatility 
values and that range that is only applied to the boiling-point internal standards. 
 

 
Figure 6: First-pass internal standards 

 
The three first pass internal standards (Figure 7) are hexafluorobenzene, fluorobenzene, and 1,2-
dichloroethane-d4 and have boiling points that span a 3.5 ºC range (81.5, 85, and 84 ºC 
respectively).  However the compounds span a relative volatility range of 0.86 to 20.  The 
boiling point of the first pass internal standards should be 85 ºC or less where boiling point 
effects are expected to be minimal (Figure 8). 
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Figure 7: Losses by boiling point 

 

Determining First-Pass Effects, Step 1:  Calculate First-Pass Internal 
Standard Recoveries 

 
The first-pass effects are measured by relating the recoveries of the first-pass internal standards 
to their relative volatility values.  Any experimental deviation of recovery from 100 % for these 
compounds is considered a first-pass effect.  Therefore the experimental recoveries of the first-
pass internal standards are used to describe first-pass effects. 
 

 
Figure 8: Experimental recoveries of first-pass internal standards 
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Determining First-Pass Effects, Step 2:  Determine Relationship of 
Recovery to Relative Volatility 

 
The internal standards in the first-pass section are put into two groups, hexafluorobenzene and 
fluorobenzene and fluorobenzene and 1, 2-dichloroethane-d4.  Separating the internal standards 
into groups allows description of effects over a narrow range, which can make the description 
more precise and easier to determine.  The experimental recoveries of the three first pass internal 
standard are used to generate a line for each group (y = m × x + B where recovery is “y” and ln 
[relative volatility] = “x”).  The relative volatility relationship to recovery is logarithmic as 
illustrated in the presentation “Method 8261 Chemistry”. Therefore, the natural log of relative 
volatility is used for determining the lines.  SMCReporter, as an option, does not use the 
logarithm of the relative volatilities.  How SMCReporter uses values is identified in the topmost 
row of the internal-standard report Figure 9. 
 
 

 
Figure 9: Top line of internal standard report identifies if values or logarithm of values are used in 
calculations 

 
The first first-pass line has two points.  The first line is determined using points for 
hexachlorobenzene (ln (0.86), 1.0626788) and fluorobenzene (ln (3.5), 1.0383073).  Using these 
points to determine the line between them (Y = m × X + B), we get the slope and intercept 
presented in Figure 10.  This equation can now be used to predict recovery of compounds with a 
relative volatility value of V (if it is between 0.86 and 3.5) by the equation, 

  Recovery = -1.736e-2 (ln (V)) +1.0601 
 

Note: When checking values to the last decimal place do not round numbers as SMCReporter 
only rounds numbers for displaying values.  If you use the displayed first-pass recoveries 
(rounded to 1.0627 and 1.0383) then the slope will be -0.01738. 
 
The second first-pass line is generated in the same manner but addresses relative volatility values 
lying between 3.5 and 20.  After the first-pass internal standard equations have been solved, they 
are used to determine the relative-volatility effects on the boiling-point internal standards. 
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Figure 10: First-pass linear equations 

 

Determining First-Pass Effects, Step 3:   Present First-Pass Internal 
Standards Graphics 
 
A graphical presentation of the first-pass internal standard data and the resulting lines are 
provided for easier review of data.  The graph presents each internal standard data point as well 
as the determined lines.   

 

 
Figure 11: First-pass internal standard graphics 
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Boiling Point Effects 
 
After the first-pass internal standards have described the first-pass relativity effects as line 
functions, they are used to determine the first-pass relativity effects on the boiling-point internal 
standards. Canceling the first-pass relativity effects in the measured recovery of the boiling-point 
internal standards provides recoveries that reflect just boiling point effects.  To make the boiling 
point relationships easier to define, the range of values are divided into smaller segments (or 
groupings).  Each grouping contains three or more boiling-point internal standards.  The boiling 
point vs. recovery relationship for each grouping is calculated as a line. 
 

Determining Boiling-Point Effects, Step 1:  Determine the Experimental 
Recovery of the Boiling-Point Internal Standards 
 
The experimental recoveries of the boiling-point internal standards are determined from the raw 
data as described in the section “Experimental Recoveries”.  This data is displayed in the 
“Meas.” column as Figure 12. 

 

 
Figure 12: Experimental recovery of boiling-point internal standards 
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Determining Boiling-Point Effects, Step 2:  Measure the First-Pass Relative 
Volatility Effects on the Boiling-Point Internal Standards 
 
The relative volatility related recoveries of the boiling-point internal standards are calculated 
using the equations determined by the first-pass internal standards.  This is done by taking the 
natural log of each boiling-point internal standard’s relative-volatility value and interpolating 
their predicted recovery as a function of first-pass equations.  The relative volatility values of the 
internal standards are highlighted in Figure 13. 

 

 
Figure 13: Determine relative volatility effects on boiling-point internal standards using first-pass 
equations 

 
Example 2: What are the first-pass effects on pentafluorobenzene?  Pentafluorobenzene has a 
relative volatility of 1.5, which means the first first-pass equation (values below 3.5) should be 
used.  We know the equation is a line (y = m × X+B) and we have the solutions for M and B 
(slope and intercept).  Substitution gives 
   FP recovery = -1.736 ×10-02×ln (1.5) + 1.0601 = 1.0529  

 

Determining Boiling-Point Effects, Step 3:  Determining the Recovery of 
Boiling-Point Internal Standards that Reflect Boiling-Point Effects 
 
The measured recovery values of the boiling-point internal standards are high-lighted in Figure 
14 (as fraction not %).  The first group of boiling-point internal standards has measured 
recoveries of 1.0529, 1.0383, and 1.0382 and these must first be revised to mitigate effects from 
their relative volatility values (1.51, 4.28, and 7.93, respectively).   
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Figure 14: Recovery of boiling-point internal standards after first-pass corrections 

 
Looking at the Example 2 results, if there were no boiling-point effects on pentafluorobenzene, 
its measured recovery should have been 1.0529 and not the 1.0590 we found from the raw data.  
The measured value is fractionally 1.0058 greater than expected from just the first-pass relative 
volatility effects (1.0590/1.0529).  The comparison of measured recovery to the first-pass 
predicted recovery is calculated as the boiling point effect on pentafluorobenzene.   This 
recovery is reported in the Report Recovery (%) column as 100.58 in figure 14. 
 

Determining Boiling-Point Effects, Step 4: Determine Boiling-Point Effects 
as Functions of Recovery Relative to Boiling Point 
 
Compensating the experimental recovery of the boiling-point internal standards for relative 
volatility effects predicted by the first-pass internal standards, yields recoveries that are 
attributed to boiling point effects.  Fig 12-15 shows that the boiling point effects are described as 
three ranges in our analytical report example.  Using the three compounds in each group, a line 
describing the relationship of boiling point to recovery is determined and these are highlighted in 
Figure 15. The line determinations require regression analyses and it is suggested to use 
spreadsheet functions to verify the slope, intercept, and standard error (1 sigma). 

 

 
Figure 15: Boiling-point effects expressed as functions 

 
Example 3: Using a Lotus spreadsheet, the line for the first boiling point group is solved by the 
regression function.  First create Range A (contains boiling points 85, 111, 155) and Range B 
(recoveries 1.0058, 1.0149, 0.9811).  The Lotus functions are used to duplicate SMCReporter 
calculations as 
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intercept = @regression(Range A, Range B, 1, 1) = 1.0470 
slope = @regression(Range A, Range B, 101, 1) = -3.964×10 -04 
err =  @regression(Range A, Range B, 2) = .0148 

 
Notice that the highest boiling compound, 1-methylnaphthalene has a relative volatility value of 
20 with an asterisk (Figure 16).  The actual relative-volatility value for 1-methylnaphthalene is 
67 but only a value of 20 is used because the largest relative-volatility value of the first-pass 
internal standards is 20.  This substituted value can be a source for some error but a better 
internal standard has not been found for the upper boiling point.  SMCReporter, as a default, 
does not extrapolate values. 
 

 
Figure 16: SMCReporter default values 

 

Determining Boiling-Point Effects, Step 5: Present the Boiling-Point Effects 
as a Graph 
 
The boiling-point effects are displayed graphically as individual points (boiling-point internal 
standard recovery and boiling point values) as well as the lines that were determined for the three 
groups.  The graph provides a quick view of how the boiling point internal standards behaved 
(compared to the calibration curve) during the vacuum distillation.  A review of the trends in the 
graph as well as the error values in the determination of boiling point to recovery lines (Figure 
17) provides insight as to how uniform the analysis was. 

 
 



 22

 
Figure 17: Graphic display of boiling-point effects 

 
 
 
 
 
 
 

Relative Volatility Effects 
 
After the boiling-point internal standards have described boiling point effects as line functions, 
the line functions are used to determine the boiling-point effects on the relative-volatility internal 
standards. In the same manner that experimental recoveries of the boiling point internal standards 
were made to reflect only boiling point effects, the recoveries of the relative-volatility internal 
standards are compensated to reflect only losses from relative volatility effects.  This is done by 
compensating the relative-volatility internal standards experimental recoveries for boiling-point 
effects.  After the experimental recoveries are adjusted, the effects from relative volatility can be 
described.  To make the relative-volatility relationships easier to define, the range of values are 
divided into smaller segments (or groupings).  Each grouping contains three or more internal 
standards.  The natural log of relative volatility vs. recovery relationship is calculated as a line 
for the five relative-volatility internal standard groupings. 
 

Determining Relative-Volatility Effects, Step 1:  Determine the Experimental 
Recovery of the Relative-Volatility Internal Standards 
 
As in the first-pass and boiling-point sections, the “Meas.” column highlighted in Figure 18 
reflects the experimental recovery of the relative-volatility internal standards.   
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Figure 18: Experimental recoveries of relative volatility standards 
 
 

Determining Relative-Volatility Effects, Step 2: Calculate the boiling-point 
Effects on the Relative-Volatility Internals Standards 
 
The experimental recoveries of the relative-volatility internal standards reflect both relative 
volatility and boiling-point effects.  As the boiling-point internal standard recoveries were 
modified to remove relative volatility effects measured by the first-pass internal standards, the 
boiling point effects are removed from the relative volatility internal standards.  Boiling-point 
recoveries are calculated by the boiling-point equations (see Boiling-Point Effects).   Taking the 
boiling point of each relative-volatility internal standard (Figure 19), their boiling-point-
recoveries are interpolated from the boiling-point equations.  The criteria that SMCReporter uses 
to determine the equation selected (boiling-point group) depends on the boiling point of the 
relative-volatility internal standards being calculated. 
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Figure 19: Boiling points of the relative-volatility internal standards 

 
Example 4: What are the boiling point effects on chlorobenzene-d5?  Chlorobenzene-d5 has a 131 
EC boiling point, which means the first boiling point equation in Figure 15 (values below 155 EC) 
should be used.  We know the equation is a line (y = m × X+B) and we have the solutions for M 
and B (slope and intercept).  Substitution gives 
    BP recovery= -3.964×10-04×131 + 1.0470 = 1.0252 

Determining Relative-Volatility Effects, Step 3:  Determining the Recovery 
of Relative-Volatility Internal Standards that Reflect Relative-Volatility 
Effects 
 
As noted in equation 2, the experimental recovery is a product of the recovery after boiling point 
effects and recovery after relative volatility effects. We have the experimental recovery and can 
determine the boiling-point effects from Figure 15 so we can now solve for the relative volatility 
recovery as 
 RV recovery = Experimental Measurement recovery ÷   BP recovery  (Eq4) 
  
Using equation 4 the recovery of the relative volatility internal standards that reflect relative 
volatility effects are determined and listed in Figure 20 in the column “Recovery (%)”. 

 
Example 5: What is the recovery that reflects relative volatility effects for internal standard, o-
xylene-d10?  o-Xylene-d10 has a boiling point of 143 EC which means the first BP equation (boiling 
point values below 155 ºC) is used to determine BP recovery.  The equation is a line (y = m × X + 
B) and we have the solutions for m and B (slope and intercept) so substitution gives 
 

    BP recovery= -3.108×10-04×143 + 1.0470 = 0.99031 
We have already calculated the experimental recovery for o-xylene-d10 giving  

  RV recovery = 1.0059 ÷ 0.99031 = 1.0157 
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Figure 20: Recovery of relative-volatility internal standards that reflect only relative volatility 

 

Determining Relative-Volatility Effects, Step 4: Determine Relative-Volatility 
Effects as Functions of Recovery to Relative Volatility 

 
Compensating the experimental recovery of the relative-volatility internal standards for boiling 
point effects predicted by the boiling point internal standards, results in recoveries that are 
attributed to relative volatility effects.  Fig 21 shows that the relative volatility effects are 
described as five ranges in our analytical report example.  Using the internal standards in each 
group, a line describing the relationship of the natural logarithm of relative volatility to recovery 
is determined. The line determinations require regression analyses and it is suggested to use 
spreadsheet functions to verify the slope, intercept, and standard error (1 sigma). 
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Figure 21: Linear relationship of relative volatility to recovery determined from relative-volatility 
internal standards 
 
Example 6: Derive the relative volatility function for the third relative volatility group. Using a 
Lotus spreadsheet the line is solved by the regression function.  First create Range A (contains 
natural logarithms of 6.14, 6.27, 26, and 32.5) and Range B (recoveries 1.0157, 1.0303, 1.0270, 
and 1.0324).  The Lotus functions are used to duplicate SMCReporter calculations as the 
following, 

 intercept =  @regression(Range A, Range B, 1, 1) = 1.0144 
 slope =  @regression(Range A, Range B, 101, 1) = 0.004601 = 4.601×10-3 
 err =  @regression(Range A, Range B, 2) = .0076 

 
 

Determining Relative-Volatility Effects, Step 5:  Graphic Display of Relative-
Volatility Effects  

 
The relative-volatility effects are displayed graphically as individual points (relative-volatility 
internal standards recovery and the logarithm of relative volatility values) as well as the lines that 
were determined for the five groups (Figure 22).  The graph shows the data is largely uniform 
but the calculated error values tend to increase with larger values of relative volatility, which is 
common.  Again, one of this method’s attributes is that these errors will be propagated for all 
compound results.  While the recoveries of the higher relative volatility compounds tend to vary 
greatest, being these compounds are very sensitive to minor experimental variations, the relative 
volatility corrections make these determinations accurate. 
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Figure 22: Graph of recovery as relates to relative volatility 

 
 
 
 

Internal Standard Groups 
 
Internal standards are added to each sample in order to calculate matrix effects on analytes as 
discussed in earlier sections.  By calculating the effects as recovery, the measured response of an 
analyte at the GC/MS an accurate concentration (compensated for matrix effects) of the analyte 
is determined.  The selection of what group of internal standards are used to measure matrix 
effects is based upon the chemical properties of the analyte. 
 
What internal standards are contained in each boiling point or relative volatility group is 
identified by SMCReporter in the internal standard file.  The program has a default internal 
standard file containing assignments as in the example internal standard report.  However, the 
user can change internal standards and groupings from the default file. If the user is to change 
internal standards or groups the following should be considered: 

1.  There are no gaps.  This typically means that the internal standards that define an 
upper limit of a group also define the next higher group. 
2.  An analyte does not have a property value that exceeds the upper range of the highest 
group.  SMCReporter will substitute the upper limit of the highest group should its limit 
be exceeded. 

 3.  Each boiling point and relative volatility group should have three or more internal 
standards. 

4.  Internal Standards should be used for only one property (not always possible due to 
limited selection of labeled compounds). 

 

What is the Upper and Lower Limit of a Group? 
 



 28

SMCReporter uses the upper limits of groups as criteria for determining which group is used for 
a calculation of a matrix effect.  The identification of a group’s limits is based on how many 
internal standards populate a group.  If there are only two internal standards in a group such as 
the example’s first-pass internal standards, the upper and lower limits are simply the upper and 
lower relative volatility values of the internal standards.  The upper and lower limit of a 
“property” group of three internal standards is taken to be the highest and lowest “property” 
value of the internal standards.  If there are more than three internal standards in a group, the 
average of the upper two internal standards is taken as the upper limit and the average of the two 
lower internal standards is taken as the lower limit. 
 

The Example’s Relative-Volatility Limits of Relative-Volatility Groups 
 

SMCReporter takes the natural logarithm of a compound’s relative volatility value and tests it 
against the first RV-Group’s upper limit, ln (3.83).  If the value exceeds its range it tests the next 
group’s upper limit, ln (6.27).  The next group has four internal standards so its upper limit is the 
average of the two higher points, ln (26) and ln (32.5).  This process is repeated until it finds a 
RV-Group that has an upper range limit that exceeds the compound’s relative volatility and then 
that group is used to determine the compound’s RVrecovery.  If the natural logarithm of the 
compound’s relative volatility exceeds the last group’s upper limit, the upper limit is used. 
 
The lower and upper limits for relative-volatility values are presented in the relative volatility 
display in the upper right hand corner (Figure 23) with the values 0.86-14999.   
 

 
Figure 23: Relative-volatility internal standard groupings 
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The Example’s Boiling-Point Limits of Boiling-Point Groups  
 

SMCReporter records the upper and lower limits of the boiling point calculations (Figure 24). 
Boiling-point recovery = 100% for compounds with boiling points below 85 ºC and any 
compound that has a boiling point value greater than the upper limit will only be corrected as if 
its boiling point were at the upper limit (229 ºC).  These limits can be changed in SMCReporter 
(in the surrogate file) but care should be taken as extrapolation that exceeds the default limits is 
not as reliable. 
 

 
Figure 24: Boiling-point internal standard groupings 

 

How SMCReporter Chooses a Group for Processing an Analyte 
 

SMCReporter has an automated procedure for determining how an analyte or surrogate will be 
processed for reporting.  Having the selection process automated makes review or reproducing 
results straightforward.  SMCReporter follows a flowchart protocol for determining which 
groups (boiling point and relative volatility) are appropriate for calculating the recovery of an 
analyte.  If the property has a value that is lower than the first group’s upper limit, the first group 
is used in the calculation.  If the analyte’s property is greater than the first group’s upper limit 
then it is compared to the next group’s upper limit and so on until the first upper limit that 
exceeds the property value is found.  If the property is greater than the last group then the upper 
limit of the highest group is substituted as the property value.  If the property is lower than the 
lowest group’s lower limit and the property is a boiling point, no loss of analyte relating to 
boiling point is assumed so the recovery is 100 %.  If the property is lower than the lowest 
group’s lower limit and the property is relative volatility, the group’s lower limit is substituted as 
the analyte’s relative volatility.  SMCReporter does not extrapolate results but provides a 
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conservative result instead.  See Figure 25 for an illustration of the process for selecting the 
appropriate group among three groups. 
 

 
Figure 25: Scheme for selecting the internal standard group that a value, x, will be processed 

 

Surrogate Report 
 
The last page of the analytical report is the surrogate report.  Figure 4 presents the surrogate page 
generated for the example.  This page is generated to provide an assessment of how well an 
analysis conformed to the predictions of the internal standard corrections.  
 
Known amounts of surrogate compounds are added to each sample and standard.  The 
experimental recovery of the surrogates is determined the same as for the internal standards.  The 
internal standard predicted recovery of each surrogate compound is also calculated.  Ideally the 
experimental recovery and the internal-standard predicted recovery are the same.  How far the 
experimental recovery differs from the internal-standard predicted recovery is called ‘recovery’ 
in the surrogate report and is an estimate how accurate the method performed for a given 
analysis.   
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There are three types of surrogates that are used, volatile, non-purgeable, and semi-volatile.  
These classifications are based upon their chemical properties and make review of surrogate 
results easier to interpret.  The demarcations between the groups in the example are the default 
values and can be changed in the internal standards file.  Note: The limits to define a type are 
variables that can be changed in SMCReporter (File->Edit Surrogate File -> Surrogate Ranges). 
 

Volatile Compound Surrogates 
 

The volatile compounds are interpreted to be those compounds with boiling points less than 159 
EC (see Figure 26) and have a relative volatility value of less than 100.  These compounds 
collectively represent the analytes that fit within these criteria. 

 

 
Figure 26: Volatile compound surrogates 

 

Non-Purgeable Compound Surrogates 
 

Volatile compounds (boiling points < 159 EC) that have a strong affinity for water are called 
“non-purgeable” volatile compounds. RCRA methods manual, SW-846 uses the term “non-
purgeable” to describe those volatile compounds that have a strong affinity for water.  
SMCReporter uses a default of relative volatility greater than 100 as the demarcation between 
“volatile” and “non-purgeable volatile” (see Figure 27).  This value can be changed in the event 
that a different value is desired. 
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Figure 27: Non-purgeable compound surrogates 

 

Semi-Volatile Compound Surrogates 
 

Method 8261 includes additional compounds that are not always considered “volatile”.  These 
compounds are also analyzed by other means after a solvent extraction procedure.  SMCReporter 
categorizes these compounds as “semi-volatile” compounds and uses a boiling point of 159 EC 
or greater as the indicator (Figure 28).  This surrogate grouping also includes compounds that are 
quite water soluble (nitrobenzene-d5, acetophenone-d8) and so that a review of this data needs to 
recognize the disparity in chemical properties. 
 

 
Figure 28: Semi-volatile compound surrogates 
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Review Surrogate Results 
 

The data presented in the Surrogate report can be reproduced from the information in the internal 
standard report, the raw data file (to get a surrogate’s experimental recovery) and the calibration 
curve (to get expected response of the surrogate).  The three sections (volatile, non-purgeable, 
and semi-volatile) are determined in the same manor so we will discuss how the reproduce the 
volatile surrogate results.  The volatile compound section of the surrogate report shown in Figure 
29 shows the chemical properties of the surrogates as well as the experimentally measured 
recovery under the “Meas.” column.  The “Meas.” column contains the experimental recovery 
data as discussed in the Internal Standard Report section. 

 

Surrogate Predicted Recoveries 
 

We can easily verify these calculations by looking at the surrogate’s chemical properties and 
then interpolating from the expected recoveries from the internal standard solutions from the 
internal standard report. 

 

 
Figure 29: Internal standard derived recoveries 

 
Example 7: We will verify the predicted results for benzene-d6.  Benzene-d6 has a boiling point of 79 EC 
which is below the lower limit of the boiling-point range (85 EC) and so 100% is the expected recovery 
relating to boiling point.  Benzene-d6 has a relative volatility of 3.92 which puts it in the range of the 
second relative volatility group (3.83 to 6.27).  Solving the second group equation for the natural logarithm 
of 3.92 provides 

 
 predicted  recovery = ln(3.92) × -.02265 + 1.0645 =1.0336 =103.36 % 
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Note: SMCReporter does not round numbers in calculations, only in displaying values.  To always 
match exactly the SMCReporter value we need to use more significant numbers than shown in the 
internal standard report to get the same recovery.  

 
Example 8: We will verify the predicted results for 4-bromofluorobenzene.  First the predicted 
recovery based on its boiling point (152 EC) is determined using the first boiling point group 
equation (boiling points between 85 and 155 EC). 
 

Boiling-point recovery = 152 × -3.964 × 10-4 + 1.0470 =0.9867 = 98.7% 
 

The relative volatility of 4-bromofluorobenzene is greater than the upper limit of the second group 
(6.27) and is less than the upper limit of the third group (e ½ (ln (26) + ln (32.5) = 28.93).   Therefore the 
third relative volatility group is used for the calculation. 
 
Relative-volatility recovery = ln (8.05) × 0.004601 +1.0144 = 1.024 = 102.4% 
 
The total predicted recovery (boiling-point recovery × relative-volatility recovery) is 
 

Total predicted recovery = 0.987 × 1.024 = 1.0106 = 101.1%  
 

Note: If you carried more significant numbers the total would be 1.0104 =101.0 as in Figure 
29. 
The error term for the total predicted recovery is calculated by propagating errors.  The formula 
for this calculation is  
 

Total error = total predicted recovery × ((boiling-point error ÷ boiling-point recovery) 2 + 
(relative-volatility error ÷ relative-volatility recovery) 2) 0. 5 

 
Imputing the example values the equation becomes 
 

Total error =1.010 × ((.015 ÷ 0.987)2 + (.008 ÷ 1.024)2)0.5 = .017 = 1.7% 
 
 
 
 

Surrogate Recoveries 
 

Surrogate data is reported to provide insight as to how the method including the internal standard 
data processing, have performed.  In keeping with the RCRA format, surrogate data is 
interpreted as a “recovery” which is the experimentally measured amount divided by the amount 
expected to be seen.  In method 8261, this assessment is performed as the comparison to the 
experimentally measured surrogate to its predicted recovery.  The closer these values are to each 
other the more accurate the determination of the surrogate compound.  

 
The surrogate recovery data are displayed by surrogate compound and average their class.  The 
volatile compound classification (boiling point < 159 EC and relative volatility < 100) is seen in 
Figure 28.  Each surrogate recovery is presented with its associated error term.  The average of 
all of the surrogate recoveries is also presented with the average deviation. 

 
Example 9: What is the surrogate recovery for 4-bromofluorobenzene? From the previous 
example we found the recovery predicted by the internal standards to be 101.0 ±1.7.  The 
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surrogate recovery is the experimentally measured recovery ÷ the internal standard predicted 
recovery.  The surrogate recovery for 4-bromofluorobenzene is calculated as 

 
 Surrogate recovery = 1.016 ÷ 1.010 = 1.006 =100.6% 
 

The associated error term is .017 ÷ 1.010 × 1.006 = .017 = 1.7% as shown in Figure 30. 
 

 
Figure 30: Volatile surrogate recovery data 

 

Quantitation Report 
 
The quantitation report contains the analyte results processed by SMCReporter.  The report has a 
header (Figure 31) that lists sources of data, selected options, and sample information.  The 
analyte section lists results, confidence intervals, and the recovery predicted by the internal 
standards. 
 

 
Figure 31: Quantitation report header 
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Quantitation Report Header 
 

The left side of the header posts the sample information (Figure 32).  The top row identifies the 
pathway and SMCReporter format file containing raw data that was processed by SMCReporter.  
The Process Date on the next line identifies when the Quantitation Report was generated.  The 
third line identifies the date the raw data file was created.  The fourth line is for the sample size 
used and this amount was used to calculate concentrations.  The next three lines are for user 
inputs.  The Lab File ID is the raw data file that was used to generate the SMCReporter format 
file. 
 

 
Figure 32: Quantitation report sample information 

 
The right-hand side of the header presents the calibration, library and internal standard files and 
their pathways (Figure 33).  These files were used to process the report and these are also 
presented in the Internal Standard and Surrogate reports.   
 

 
Figure 33: Files used in quantitation of sample file 
 

The center of the top line identifies if chemical properties were treated as a value or the natural 
log of a value (Figure 34).  These options exist in SMCReporter for unique applications.  At the 
bottom left is a list of active qualifiers.   
 
The ‘Y’ qualifier identifies when amount of an analyte detected by the GC/MS exceeded the 
upper limit of the calibration curve (Figure 34).  This is a warning the value may not be reliable.  
The upper limit for an analyte is defined as its calibration curve average response factor times its 
highest mass standard in the curve.  The ‘X’ qualifier is for the instance where the analyte was 
detected below the lower limit of the calibration curve.  The lower limit for an analyte is defined 
as its calibration curve average response factor times its lowest standard mass in the curve.   
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Figure 34: Result qualifiers 

 
 

Compound Quantitation Results 
 

The analyte list and results are presented in the quantitation report (Figure 35).  How this data is 
determined depends on how the report was defined during the data processing.  This example 
includes propagation of calibration errors (highlighted in Figure 35).  The quantitation report 
presents the analytes, their measured concentration (with error), and their recovery (with error) 
determined from the internal standards. 
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Figure 35: Analyte results 
 

Running SMCReporter V4.0 and the presentation, “Creating the Calibration Curve and 
Generating Method 8261 Quantitation Reports through SMCReporter V4.0” provides the 
information necessary to reproduce the quantitation results for each analyte (available at 
http://www.epa.gov/nerlesd1/chemistry/vacuum/methods/software.htm#calibration).We can 
reproduce all of the data shown in the quantitation report by looking at the library for each 
analyte’s relative volatility and boiling point (Figure 36), the internal standard report for 
determining recovery of each analyte (Figure 3), looking at the calibration curve for response 
factor and calibration error (Figure 38), and looking at the raw data for each compound’s 
response (Figure 37).   
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Figure 36: Relative-volatility and boiling-point values for MTBE 
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Figure 37: Integrated area for each compound from GC/MSD 
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Figure 38: Calibration data for MTBE 
 

The information presented in Figures 36-38 and the Internal Standard Report (Figure 3) 
accompanying in quantitation report (Figure 2) provides the information necessary to reproduce 
the analytical results. 
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Example 10: To reproduce the MTBE results the first step is to calculate the recovery of MTBE 
using the Internal Standard Report.  From Figure 37 we find the boiling point of MTBE is 55 EC 
which is below the boiling point threshold (85 EC) for calculating boiling point recoveries with 
internal standards and so the boiling point recovery for MTBE is determined to be 100%.  The 
relative volatility of MTBE is 33.7, which falls in the fourth relative volatility group (see Figure 
24).  Using the line described for group 4 the recovery relating to the relative volatility of MTBE 
is 
 
  relative-volatility recovery = ln (33.7) × .03613 + 0.9007 = 1.0277 = 102.77 
The relative volatility error is .0779 
And the error term is 
 
  total recovery error =1.0277 × ((0 ÷ 1)2 + (.0779 ÷ 1.0277)2)0.5 = .0779 = 7.79% 
 
The raw data response for MTBE is 109230 (area) and the response factor for MTBE in the 
calibration curve is 21498.987 area/ng.  Therefore amount of MTBE in ngs detected by the 
GC/MS is 

 109230 area ÷ 21498.987 area/ng = 5.081ng  
The response factor err is 7.805% and so the error associated with determining the amount of 
MTBE seen by the GC/MS is  

 5.081 ng × 0.07805 = 0.397 ng 
Note: The limit of quantitation is lowest mass in the calibration curve is the limit of quantitation 
(LOQ) and equal 1.5 ng (the lowest standard amount for MTBE in Figure 39).  Had the mass 
detected by the GC/MS not been 5.081 and had been less than 1.5 ng, an ‘X’ would have been 
placed in the qualifier column (Q) for MTBE. 

 
The final concentration of MTBE in the water takes into account the internal standard determined 
recovery of MTBE and is 

 concentration   = 5.081 ng ÷ 5 mL ÷ 1.0277 = 0.989 ng/mL 
The error term is  

Concentration error =0.989 × ((0.397 ÷ 5.081)2 + (.0779 ÷ 1.0277)2)0.5 = .1076 = 
0.108ng/mL 

 

Reporting Limits 
 

There is the option within the SMCReporter program to put reporting limits (as concentration) on 
the results by compound.  This is a convenient tool to prevent reporting values that are of no 
interest to the data user.  The reporting limits are saved as a file and referenced in each 
quantitation report for documentation.  The reporting limit files have an extension ‘.MDL’ to 
identify their purpose.  A reporting limit file can be used in two ways, the MDL option and the 
CRQL option. 

 

Reporting Limits-MDL Option 
 
The ‘MDL’ reporting limit is one option that SMCReporter can use for reporting limits.  There 
are two types, the first is the ‘MDL’ option that uses the value in a *.mdl file as the lowest value 
reported.  Any concentration below that value (including zero) will be replaced by the reporting 
limit with a qualifier.  See Figure 39. 
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Figure 39: Reporting limits using MDL reporting option 
 

Note that the selection of a reporting limit is identified in the sample header (Figure 39 top).  The 
file used to determine the limits by compound is also listed on the right side of the header.  The 
result for MTBE now differs from the report where no report limits were used (Figure 35) as the 
reporting limit (1 ng/mL) is greater than the determined concentration (0.989 ± 0.108).  There is 
a reporting option with the MDL-file limit in that an additional confidence that a value is below a 
reporting limit can be added.  With this option the result plus error value can be combined to test 
if the result should be reported. 
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Figure 40: Reporting limits using MDL reporting option with one sigma confidence 
 

Figure 40 demonstrates the quantitation report when one sigma confidence is used to determine 
reporting limits.  Note the one sigma option is identified in the header (left side).  The reported 
value for MTBE is no longer the ‘ND 1.00’ as seen in Figure 40 but is now 0.989 ± 0.108 as the 
concentration plus error value exceed the MDL value of 1. 
 

Reporting Limits-CRQL Option 
 

The second kind of reporting limit supports Superfund’s Contract Laboratory Program (CLP).  
With this style of reporting limits the reports are consistent with the CLP reporting requirements.  
When this kind of reporting is used it is noted in the quantitation header (right hand side Figure 
42).  Also the use of different qualifiers is identified in the lower left-hand side of the header.  
With this style of reporting a ‘U’ replaces the ‘not detected’ (ND) and is entered in the qualifier 
column.   
 
There is an option with SMCReporter to report concentrations lower than the normal CRQL 
limit.  This option is for all compounds to be reported as a percentage of the CRQL limit 
percentage is identified in the header (middle of right side).  Anytime an analyte is detected 
between the normal CRQL and the ‘optional’ lower limit, a ‘J’ qualifier signifies the occurrence.  
For instance the MTBE concentration in the example is below the CRQL of 1.0, but it is reported 
as 0.9890 ± 0.108 with a ‘J’ qualifier (Figure 41). 
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Figure 41: Reporting limits using CRQL reporting option with 50% threshold 

 
 
 
 

Summary 
 
The analytical reports generated by SMCReporter incorporate internal standard determined 
recoveries that reflect analyte boiling point and relative volatilities.  All of the data used to 
generate the report is identified or there is a link to where the data would be found (such as 
calibration curve data).  Options that an analyst can use will be identified in the report when 
selected and can be verified by tracking the data process. 
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